Lateral flow (LF) immunoassays are one of the most prevalent point-of-care (POC) diagnostics due to their simplicity, low cost, and robust operation. A common criticism of LF tests is that they have poor detection limits compared to analytical techniques, like ELISA, which confines their application as a diagnostic tool. The low detection limit of LF assays and associated long equilibration times is due to kinetically limited surface reactions that result from low target concentrations. Here we use isotachophoresis (ITP), a powerful electrokinetic preconcentration and separation technique, to focus target analytes into a thin band and transport them to the LF capture line resulting is a dramatic increase in the surface reaction rate and equilibrium binding. We show that ITP is able to improve limit of detection (LOD) of LF assays by 400-fold for 90 second assay time and by 160-fold for a longer 5 minutes time scale. ITP-enhanced LF (ITP-LF) also shows up to 30% target extraction from 100 µL of the sample, while conventional LF captures less than 1% of the target. ITP improves LF assay LOD to the level of some lab based immunoassays, such as ELISA, and may provide sufficient analytical sensitivity for application to a broader range of analytes and diseases that require higher sensitivity and lower detection limits.
Introduction
The emphasis of medical care is shifting toward prevention and early detection of disease and management of multiple chronic conditions resulting in higher prevalence of point-of-care (POC) testing. 1 Introduced in 1987, lateral flow (LF) immunoassay are one of the most commercial available rapid POC tests. [2] [3] [4] [5] POC lateral flow-based tests have enjoyed commercial success because of their simplicity, low cost, and robust operation. LF tests use a paper substrate, e.g. porous membranes, to indicate presence of target analytes. In a conventional LF assay, a target analyte binds to a labeled detection protein, e.g. antibody labeled with colloidal gold, and travels across the membrane by capillary action, without user's manipulation. At the test zone, the target binds with a specific capture molecule immobilized on the surface which accumulates the captured target and generates a visually detectable, i.e. colorimetric, signal.
LF tests have been indicated as a suitable medical diagnostic tool for remote or impoverished settings and are also used as an appropriate technology for a wide variety of field applications. 6 However, conventional LF assays have relatively poor detection limits (~10 -11 M) 7, 8 compared to analytical methods like ELISA and SPR (~10 -12 -10 -18 M). 9 In many diagnostic situations, especially at the early stages of a disease, protein markers, such as pathogen antigens or host antibodies, are present at very low concentrations. The serum concentrations of the majority of proteins important in cancer, 10 neurological disorders 11, 12 and the early stages of infection disease 13 are reported to range from 10 −12 to 10 −16 M. LF tests typically fail to provide a reliable and consistent detection at these target concentrations while lab-based analytical techniques, like ELISA, can routinely detect at these levels and have been shown to operate at concentrations as low as 10 -19 M. 14 Moreover, LF tests are often single step assays and are specific to antibodyantigen interaction which limits their application for integrated sample preparation (e.g. such is required for nucleic acid purification) and a narrow group of samples.
The vast majority of work toward improving detection limits of LF assays has been focused on optimizing affinity of the antibodies used in the test, 15, 16 and introducing new labeling techniques. [17] [18] [19] In optimal physiochemical conditions (pH, ionic strength, and temperature) the affinity, Kd, of a specific antibody-antigen pair has a value that is constant and to a large extent influences the analytical sensitivity of the test. 6 One useful metric in quantifying the detection limit of an immunoassay is the sample target concentration CT normalized by the affinity constant Kd = koff/kon, where koff and kon are respectively the off-and on-rate constants of the binding reaction. The lowest normalized detection concentration CT/Kd reported as ~10 -2 for standard LF tests 8 and for ELISA the value drops to the range of 10 -5 to 10 -10 . A low value of CT/Kd suggests a lower concentration detection limit. Much effort has been focused on
decreasing Kd values of secondary antibodies, in the range of 10 -6 to 10 -10 , 20 to reduce the concentration detection limits of immunoassay, including LF tests. Alternatively, the detection limit of a LF test can be improved by a factor of nearly 10-fold by using different labels and labeling techniques. 17, 18 However, to improve labeling, usually a high concentration of the labeling reagent is necessary which can increase final cost of the assay. Moreover, conjugating the antibodies with larger labeling molecules can lead to a change or even a complete loss of affinity due to the effect of steric restrictions. 6 Recently, there has been a push to enhance the signal in LF assays by developing paper-based microfluidic devices that incorporate sophisticated functions and device designs using capillary action to drive the flow. [21] [22] [23] In spite their success in integrating multiple functions and assays on a single paper device, detection limit improvement reported in these studies is limited to about 3-fold. Furthermore, these methods add more complexity and cost to the final product which may limit their application in POC settings. [33] [34] [35] Electrokinetic techniques address the target preconcentration with minimal requirements and pretreatment of the sample. Isotachophoresis (ITP) preconcentration has been recently used to accelerate and improve detection limits of surface DNA hybridization assays. In these studies surface-based reaction in microchannels was accelerated by preconcentrating the target analytes and transporting them to the test zone which considerably improved the assay detection limits. 36, 37 ITP is a powerful electrokinetic technique used widely in capillaries and microchannels for the preconcentration, separation, and purification of ionic analytes. 38 Under an applied electric field during ITP, target analytes transport electrophoretically and accumulate at the boundary of fast moving leading (LE) and slow moving trailing electrolyte (TE) ions, resulting in substantial increase in analyte concentration in a narrow plug, on the order of 100 μm wide. ITP in microchannels has demonstrated up to a million-fold increase in target concentration during the assay time of less than 30 minutes. 39 We previously showed that ITP can increase the widthaveraged concentration of target analytes in nitrocellulose membrane strip by up to 900-fold in less than 5 minutes. 40, 41 We also demonstrated that ITP on nitrocellulose can extract more than 80% of the target from initial sample, is compatible with relatively large sample volumes (>100 µL) and can be powered by a portable power supply showing its potential to be used in POC devices. It has been shown that ITP can enhance the surface DNA microarray hybridization reaction between a suspended target and an immobilized probe in conventional microfluidic devices. Han et.al demonstrated the acceleration and sensitivity improvement of DNA microarray hybridization by preconcentrating the target molecules and transport them over the immobilized probe site using ITP. 37 Their method leverages preconcentration of ITP to overcome the slow reaction kinetics of surface hybridization. Their analytical predictions along with experimental observations show 8-fold improvement in the detection limit at about 30-fold shorter assay time.
In this paper, we use ITP preconcentration of antibodies on nitrocellulose membranes to improve limit of detection (LOD) of LF assays. ITP increases concentration of the target molecules and transports them in a thin band to the test zone which results in an increase in kinetic reaction rate of the target and the probe and more than two orders of magnitude improvement in the LOD. We use the analytical model, developed by Han et al., 37 for the ITPenhanced second order surface reaction and apply it to our system. We perform quantitative fluorescence ITP-enhanced lateral flow (ITP-LF) assay on nitrocellulose membranes and compare its performance to the conventional LF assay. We also use antibodies labeled with colloidal gold as our target to investigate compatibility of ITP-LF with colorimetric detection, which is used in conventional LF tests for visual interpretation of the test results. Finally, we demonstrate an improvement of detection limit in mouse serum showing that ITP can extract and preconcentrate targets present in biological media.
Theoretical model
The basic principle of any immunochemical technique, including LF immunoassays, is that a specific target, e.g. an antigen, binds with its specific probe, e.g. a secondary antibody, to give an exclusive target-probe complex. The specific binding of antibodies is dependent on hydrogen bonds, hydrophobic interactions, electrostatic forces, and van der Waals forces, therefore it is a reversible process. For a single probe (P) binding site that binds to a single target (T) and forming a complex (C), the surface reaction can be modeled as a second-order reaction with onand off-rate constants of respectively kon and koff, and the dissociation constant of KD = koff / kon.
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By assuming perfect mixing conditions (where the reaction is kinetically limited), and negligible consumption of the target molecules at the test zone, one can develop a relation for this reaction. In this regime, target concentration above the immobilized probe remains unchanged from its initial value, CT0. 
Here hLF is the fraction of bound probe, C ITP-LF assay can be similarly modeled as a kinetically limited reaction at an elevated target concentration resulted from the ITP preconcentration. This means that the concentration of the target in the ITP zone stays constant above the probe area at all times. We can assume that the ITP-LF is kinetically limited because the typical ITP residence time, i.e. time during which probe area is exposed to the ITP zone, tITP = 284 sec here, is much longer than the diffusion time scale.
Diffusion time scale for the target to diffuse to the probe surface in nitrocellulose membrane can be estimated as tdiff = 0.32 sec using
where d is the pore diameter of the membrane (8 µm) and D is the diffusivity of IgG secondary antibody in nitrocellulose membrane (2×10 -10 m 2 /s). 20 ITP is also known to cause secondary flows which help mitigate diffusion-limited regimes. 45 Han et al. showed that by modeling the Gaussian concentration profile of the ITP-focused sample as a top-hat pulse with characteristic ITP zone width of δITP = ±2σ and target concentration of pCT0, where p is the effective preconcentration ratio and σ is the standard deviation of the sample Gaussian distribution, an approximate analytical model for ITP enhanced surface binding can be derived as, 37
where hITP-LF is the fraction of bound probe in ITP-LF. They derived this equation by substituting pCT0 for CT0 and tITP for t in equation (1) . The ITP plug migrates at a constant velocity of VITP, therefore each point at the test zone is exposed to the highly focused sample for
p is calculated such that the area under the top-hat profile, pCT0 δITP, is the same as the area under the 
Material and methods

Reagents and the electrolytes system
We performed a series of quantitative and qualitative ITP experiments on nitrocellulose membranes demonstrating the improvement of LF assay LOD using ITP. We used IgG secondary antibodies as the target and capture reagents since they are extensively used in LF assays as the capturing and labeling reagents. Moreover, these antibodies have high binding affinity for nitrocellulose membrane therefore higher surface concentration of the immobilized probe can be achieved which improves the capturing. For target analyte we used goat anti-rabbit mS/cm). The conductivity, σ, ratio of the LE and TE was maximized to 1400 to achieve the highest preconcentration while minimizing the Joule heating. We added 0.5% PVP to the LE to suppress electroosmotic flow. For a detailed discussion on the choice of electrolyte system in ITP, refer to the works of Bagha et al. and Moghadam et al. 40, 46 All the reagents were purchased from Sigma Aldrich (St. Louis, MO) unless mentioned otherwise. All aqueous samples were prepared using water ultrapurified with a Milli-Q Advantage A10 system (Millipore Corp., Billerica, MA).
Paper device preparation
We used backed nitrocellulose membrane (HF-125, Millipore Corp., Billerica, MA) cut with a CO2 laser ablator (Universal Laser Systems, Scottsdale, AZ) to fabricate the immunoassay devices used in both LF and ITP-LF experiments. Paper device dimensions were chosen as 40 mm × 3.5 mm to maximize the target accumulation in the ITP zone while reducing the Joule heating caused by high electrical resistance of the device. 40 We immobilized the capture reagent on the membrane by using a custom-made protein spotting system. 47 To maintain physiological condition, capture IgG was suspended in 0.25 M NaCl and 0.01 M sodium phosphate, buffered to pH 7.0. This pH is close to the isoelectric point of the IgG, which helps to destabilize the probes in aqueous form therefore they bind more effectively with the membrane surface. The test line was located one-third of the device length away from the LE side where higher sample preconcentration ratio is reached. We spotted the test line with the width of approximately 800 µm and measured probe surface density of CP0 = 2×10 -9 moles per internal surface area of the membrane (0.5 fmole of probe per test line). 47 Thickness of the test line was chosen to be in the same order of the ITP plug width, δITP, to increase the surface interaction and CP0 was chosen close to the IgG binding capacity of the nitrocellulose reported by Fridley et al.'s measurements. 20 After spotting, the membranes were allowed to dry in room temperature for 5 minutes then further dried at 37 o C for 1 hour. To minimize the non-specific interaction of the target antibody with the membrane, we used 1% BSA as the non-reactive blocking agent. Figure 1A shows our ITP experimental setup where the paper device is placed in an acrylic holder with the test zone closer to the LE reservoir. Before each ITP experiment the membrane was hydrated with the LE and placed on the holder with the left and right reservoirs filled respectively with 100 µL of the TE, mixed with the sample, and LE. To apply electric field across the membrane we placed the positive and negative platinum wire electrodes in the LE and TE reservoirs, respectively. We initiated the ITP-LF assay by applying 500 µA constant current to the TE reservoir and grounding the LE using a high voltage power supply (HSV488 6000D, LabSmith Inc., Livermore, VT). Higher currents result in a higher preconcentration ratio and a shorter assay time, 40, 49 but lower the signal strength at the test zone because the ITP zone residence time over the test line is decreased. Therefore, as the ITP zone arrives at the test zone we reduced the current to 50 µA which reduces the ITP velocity thus increases the reaction time.
LF and ITP-LF protocol
Plug velocity, and therefore the ITP zone residence time, is inversely proportional to the applied current. 49 For example, in our system, tITP = 9 sec at 500 µA, and tITP = 284 sec at 50 µA. After the ITP plug crosses the test zone we increased the current back to 500 µA until the plug reaches the LE reservoir. Progression of the ITP plug downstream subsequently acts as an electrokinetic wash step where unbound targets are removed from the probe spots and collected at the migrating ITP plug so no further washing step is required. 36, 37 For the conditions mentioned above, each ITP experiment takes about 7 minutes to complete.
For conventional LF assays we used a holder with one reservoir, as shown in Figure 1B . We placed one end of the membrane in the reservoir and the other end on a cellulose absorbent pad (HF-125, Millipore Corp., Billerica, MA) to wick the sample during the assay. To initiate the LF assay we filled the reservoir with the target solution mixed with TE which triggers the capillary action and movement of sample across the membrane. The absorbent pad continuously wicks the sample allowing constant flow of the target analytes during the experiment therefore target molecules interact with the immobilized probe throughout the duration of the test. We let the interaction progress for a certain amount of time, then replaced the sample solution with DI water to rinse the membrane and remove the unbound target.
Detection and quantification
We performed quantitative fluorescence experiments using a Nikon AZ100 upright microscope equipped with a 0.5x objective (Plan, NA 0.5, Nikon Corporation, Tokyo, Japan), an epifluorescence filter cube (488 nm excitation, 518 nm emission, Omega Optics, Brattleboro, VT), and a 16-bit, cooled CCD camera (Cascade 512B, Photometrics, Tucson, AZ) which capture images at the exposure time of 1 s. Images taken from the test zone after each experiment were processed using an in-house MATAB code to quantify the amount of target captured in the test area, mT, effective stacking ratio, p, and ITP residence time, tITP. We calculated both the mean and standard deviation of the background, determined from a cropped image of the device excluding the test line. The mean-subtracted intensity of each pixel in the test area was then counted as the signal if it was greater than 3 standard deviations of the background, i.e. signal to noise ratio (SNR) of 3. To convert the signal intensity values to the target concentration, we generated a calibration curve by performing three titration experiments. In each titration experiment we measured fluorescence intensity of the membrane surface fully wetted by a known high concentration of the target solution and generated a calibration curve from a linear regression (example is shown in the SI). The calibration experiments were done after performing each set of experiments, on multiple days, and we found the results to be very consistent and repeatable.
Results and discussion
Demonstration of ITP enhanced LF
After applying the electric field to the system, a highly focused plug of target molecules electromigrates to the test zone where they react with capture molecules immobilized on the surface. ITP increases the target concentration and interaction kinetics of the target-probe which results in generation of a specific fluorescence signal at the test zone. In Figure 1C , we present five snapshots of a single ITP-LF experiment showing successful capturing of the target using ITP (an example video of this experiment is provided in the SI). In snapshots a-c, an ITP zone containing highly concentrated target forms and migrates across the membrane. As the ITP zone travels downstream it sharpens and its fluorescence intensity increases demonstrating that the target concentration is increasing. As the plug approaches the test zone, we decrease the applied current and the slow moving plug sweeps over the test zone and binds with the immobilized probes. After the ITP zone passed the test zone (snapshots d-e), we observe a fluorescence signal at the test zone indicating that the target molecules have been captured by the immobilized probes. Any unreacted target molecules electromigrate towards the LE reservoir which effectively serves as a membrane wash step.
Experimental determination of the kinetic and focusing parameters
Kinetic parameters, KD and koff, as well as the ITP focusing parameters, p and tITP, need to be determined in order to compare the experimental results with the model predictions described in equations 1 and 2. To obtain the kinetic parameters we performed a conventional LF assay experiment using 25 mg/l initial target concentration and monitored the signal over time. Figure   S -3 of the SI shows the captured amount of target in LF assay as a function of time. We fit Equation 2 to these data using the least square method using KD and koff as the fitting parameters.
The fitting parameters were determined as, koff = 
Ax   to the resulting concentration profile. 49 The resulting fitting parameters are the maximum plug concentration A, mean µ, and the plug width δITP = ±2σ (two times the plug standard deviation). We experimentally estimated the effective ITP preconcentration ratio of p = 92 ± 12 for I = 500 µA using a method described earlier. Along with the experimental data in Figure 2 we present analytical models (equations 1-2) for ITP-LF and conventional LF. To obtain these theoretical curves, we used the experimentally LOD in our system is defined as the lowest target concentration at which the maximum background-subtracted intensity in the test zone is 3 standard deviations away from the background, i.e. SNR = 3. 52 In practice, for example, the normalized standard deviation for ITP-LF is ~ 8×10 -4 and the fraction of bound target, h, corresponding to LOD is ~ 5.4×10 -3 for ITP-LF and ~ 10 -2 for LF. The bound target concentration of ITP-LF at LOD is marginally lower because the electrokinetic "wash" step during ITP effectively removes the unbound target from the surface and improves the SNR. Table 1 lists the LOD extracted from Figure 2 for ITP-LF and
LF at three assay times tested. This table shows that the LOD is improved by a factor of 60, 160, and 400 for 1 hour, 5 minutes, and 90 seconds LF assay times, respectively. The normalized initial target concentration, CT0/KD, at limit of detection is 3.3×10 -4 for ITP-LF which is two orders of magnitude below the lowest value reported for conventional LF assays. 8 In addition to improving the detection limits, ITP increases the capturing efficiency of LF assays. In Table 2 we present the capturing ratio of ITP-LF,   Figure 1C -d. This suggests that we may be able to increase the capturing efficiency of ITP-LF by using even smaller volumes of the sample. LF assay shows capturing ratios smaller than 1% and we are not able to detect the target at concentrations lower than 8 mg/l which is below the LOD of LF assay. At each concentration, capturing ratio of the conventional ITP-LF assay is one order of magnitude larger than the capturing ratio of LF. This data suggests that integration of ITP with LF may offer the capability in using large sample volumes with very dilute concentration of target.
Colorimetric detection in ITP-LF
The capability of LF assays to generate an unambiguous and visually read result, i.e. colored band, is critical feature of their success as a POC diagnostic. This is achieved by using detection antibodies labeled with colloidal gold or other colorimetric signal generators such as colored latex particles, 53 and colloidal carbon nanoparticles. 54 In order to show the compatibility of our ITP-LF assay with colorimetric detection, we used IgG labeled with 40 nm colloidal gold (IgGAu) as our target. We measured effective electrophoretic mobility of IgG-Au at pH 7.4 as 8.9 nm 2 /Vs. Since this value is larger than the effective mobility of TE ions we used in our quantitative analysis, we kept the same TE composition to perform colorimetric ITP-LF experiments. Generation of a pink-colored band at the test zone indicates successful capturing of the target with the color intensity directly proportional to the amount of sample captured. ITP is able to focus IgG molecules labeled with gold nanoparticles and transport them across the membrane toward the test zone (a video of colorimetric ITP-LF is provided in the SI). Figure 3 shows snapshots of the paper device used for colorimetric detection of the target using both ITP-LF and conventional LF for the initial target concentration ranging from 0.1 -15 mg/l. The optical density of the test line increases with initial target concentration as expected.
Qualitatively, a visually detectable signal was observed using ITP-LF at concentrations as low as 0.1 mg/l while no signal was detected using LF at concentrations lower than 10 mg/l and 10 minutes assay time. Qualitatively, these data show more than 100-fold improvement in detection limit of LF assay using ITP which is consistent with our quantitative fluorescence measurements.
Insights into the design of an ITP-LF assay
We use our analytical model as a guide for the design of an ITP-enhanced LF assays. In Figure   4 we present the LOD ratio ( Figure 4 also shows that at higher preconcentration ratios, e.g. p = 500, higher LOD ratios can be achieved, as expected.
We also examined effect of kinetic parameters and observed that the koff has marginal improvement effect on the LOD. For example, at 30 min assay time, increasing the koff by one order of magnitude increases the LOD ratio by less than 2-fold. When the koff is increased the kon value also increases, at constant KD, therefore the forward reaction rate is increased. We As a result, the LOD ratio scales as pkofftITP which confirms our model predictions presented in Figure 4 that the LOD ratio is directly proportional to the ITP parameter ptITP and the off-rate constant while it is independent of the KD value.
Our scaling analysis and the analytical model show that the amount of captured target for conventional LF assay depends on the normalized initial target concentration, i.e. CT0/KD. On the other hand, for ITP-LF the amount of captured target depends on pkofftITP (CT0 / KD) which includes both antibody-specific parameters, koff and KD, and an ITP condition parameter ptITP.
This offers flexibility in assay design by controlling the preconcentration ratio and the ITP residence time. For a point of care LF test, known values can be kinetic parameters of the antibody-antigen pair and the desired test time. From this, one can estimate the ITP preconcentration ratio and residence time required to achieve the desired detection limits.
Preconcentration ratio in ITP can be optimized by carefully selecting the electrolyte system, optimizing the applied electric field and the device length. 40 
Summary
We demonstrate LOD and assay time improvement of LF assays using ITP. Our method leverages high preconcentration power of ITP to overcome the slow reaction kinetics of surface binding in LF. We focused target antibodies into a narrow ITP zone (order 100 μm) and transported them across the nitrocellulose membrane to the test zone. Our quantitative analysis
show that LOD of LF assays can be improved by 400-fold, 160-fold and 60-fold at assay time of 90 sec, 5 min and 1 hour, respectively. Our qualitative colorimetric measurements show about 100-fold improvement in LOD using ITP, consistent with our quantitative findings. We used an analytical model describing the ITP-enhanced surface reaction in LF assays which confirms our experimental observations and serves as guide toward the design of LF assay enhanced by ITP.
By integrating ITP into LF assay we can also capture up to 30 % which shows more than one order of magnitude improvement over conventional LF assays. High target extraction and preconcentration of ITP enables the LF assays to use large volume of sample when the target is very dilute, e.g. blood, and waste water. Moreover, we found that detection limit of LF can be improved by separating and preconcentrating target analytes from 5x diluted mouse serum (data provided in SI) showing the potential of ITP to improve LF with real-world complex biological samples.
Associated Content
Videos showing isotachophoresis-enhanced lateral flow assay (ITP-LF) using Alexa Fluor 488
(Video S-1) and colloidal gold (Video S-2) labelled IgG, electrophoretic mobility measurements 
S-1. Electrophoretic mobility of IgG
To design the ITP electrolyte system for ITP-enhanced LF we first measured the electrophoretic mobility of our target, goat anti-rabbit IgG labelled with Alexa Fluor 488, in a wide range of pH using Malvern Zetasizer Nano-Zs, Westborough, MA. We performed the measurements at 10 mM ionic strength which is close to the ionic strength of the trailing electrolyte (TE). higher than isoelectric point of IgG, Glycine can be used as the trailing ions while using, for example, HEPES does not result in an isotachophoretic preconcentration.
S-2. Calibration curves for IgG labeled with Alexa Fluor 488
We 
S-5. Analyte extraction from a complex sample using ITP
In order to show capability of ITP to extract target from a complex sample on paperbased devices and improve LOD of LF assays, we performed ITP-LF by dispensing our target
IgG labeled with Alexa Fluor 488 in mouse blood serum. Blood serum includes all proteins not used in blood clotting (coagulation) and all the electrolytes, antibodies, antigens, hormones, and any exogenous substances (e.g., drugs and microorganisms), therefore it is a biological complex sample. We followed the same experimental conditions and ITP electrolyte system as described for regular ITP-LF. The sample reservoir was contained the TE mixed with 5 mg/l of the target dispersed in 5x and 10x blood serum. We were able to successfully separate and focus our target sample from the blood serum and transport it to the test zone while no detection observed using LF at these concentrations, showing detection limit improvement of LF assay using ITP in complex samples. Our quantitative measurements presented in Table S -1 show that the fraction of bound probe using 5x and 10x serum is h = 18 % which is close to binding ratio of h = 34 % obtained from regular ITP-LF, at the same target initial concentration. We observed the same trend for the extraction ratio which is 3.8 % for the ITP-LF in complex matrix and is 7.3% for regular ITP-LF. The lower binding values observed using the complex sample may be due to non-specific binding of our target IgG with the IgG molecules present in the blood serum and the altered properties of the TE solution. Adding blood serum to the TE may change pH of the solution which has a great effect on the effective mobility of the TE ions. We hypothesize by optimizing chemical composition of the TE based on the complex matrix we are able to reach S-9
binding ratios close to the regular ITP-LF experiments. 
